Objective: To investigate the relationship between overweight and obesity and sick leave. Design: Systematic, qualitative review. Literature search: A search in diverse databases was performed. Studies were considered as relevant if they were longitudinal in design and investigated the relationship between overweight and obesity and sick leave. Data extraction: The methodological quality of the studies was evaluated with a quality criteria list. To draw conclusions, a bestevidence synthesis was applied.
Introduction
Over the past decades, the prevalence of overweight (body mass index, BMI X25 kg/m 2 ) and obesity (BMI X30 kg/m 2 ) has increased dramatically. [1] [2] [3] [4] Overweight and obesity have an enormous public health impact. For instance, they are linked to an increased risk of type 2 diabetes mellitus, coronary heart disease, stroke, hypertension, gallbladder disease, some forms of cancer, sleep apnoea, and osteoarthritis. 1 Owing to increased morbidity, overweight and obesity are associated with increased health care costs.
Estimates vary from 1 to 7% of the total health care cost in the developed world. [5] [6] [7] By way of illustration, from a systematic review, Thompson and Wolf 6 suggested that obesity accounted for 5.5-7.0% of the national health expenditure in the United States. A few years later, using an econometric model, Finkelstein et al. 7 estimated the obesity-attributable health care expenditures in the United States at state level and reported the costs to be $75 billion in 2003, which averaged by about 6% of the adult medical expenditures. In addition, obesity-related morbidity involves considerable indirect costs, that is costs owing to lost productivity, such as sickness absence. For example, a Chinese case study found that the indirect costs were often far more significant than the health care costs, with indirect costs owing to loss of productivity ranging from 3.6 to 8.7% of the gross national product in China in 2000 and 2025, respectively. 8 This was supported by Katzmarzyk and Janssen 9 who estimated the total costs of obesity in Canada at $4.3 billion, with two-thirds of the costs involving indirect costs. In addition, from a study among Swedish women, it was concluded that approximately 10% of the total cost of productivity loss owing to sick leave and disability pensions was related to obesity and obesity-related diseases. 10 A recent review also concluded that BMI was significantly associated with disability pension.
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The rising prevalence of overweight and obesity, the associated increased risk of morbidity, and the high direct and indirect costs are a motivation to investigate the relationship of overweight and obesity with sick leave. Although some studies have investigated the relationship between overweight and obesity and sick leave, as far as the authors are aware, no review has been published yet that primarily examines this relationship. Instead, the earlier reviews on a similar topic (eg costs of obesity) have briefly discussed the potential for a relationship between overweight, obesity, and sick leave. 12, 13 In addition, earlier literature studies did not apply a systematic approach in the literature search or use a quality assessment and bestevidence synthesis. The aim of this review was to investigate the relationship between overweight and obesity and sick leave using a systematic approach in literature search, selection, and quality assessment.
Methods
A computerised literature search was carried out in PubMed, Embase, PsycINFO, and SPORTDiscus databases. The search strategy consisted of two elements related to the independent variables (e.g. 'overweight', 'obesity', 'body weight', 'BMI', 'waist circumference', and 'skinfold thickness') and the outcome variables (e.g. 'absenteeism', 'sick leave', and 'sickness absence'). In addition, references of key publications were searched, as were references of all included studies. The authors' personal database was also searched.
Inclusion criteria
Publications found in the PubMed, Embase, PsycINFO, and SPORTDiscus databases were screened by two reviewers (DvD and KP) to meet the following inclusion criteria:
The study population was used. The study examined the relationship between a measure of overweight or obesity and a measure of sick leave. The study design was longitudinal. The study had to be a full peer-reviewed report published in English, Dutch, or German. The study had to be published between 1987 and April 2009.
Quality assessment
Two reviewers (DvD and KP) independently scored the quality of each study according to a standardised set of predefined criteria (Table 1 ). The criteria were adapted from Ariëns and Hayden.
14,15 Each quality criterion was rated positive [1] or negative [0], with a negative score in the case of an inadequate performance or an unclear or missing description of the item. For each study, a total quality score was calculated by counting the number of items scored positively. A study was considered as high quality if least 51% was scored positively; otherwise a study was considered as low quality. The results of the scorings of both reviewers were compared and differences were discussed during a consensus meeting. If, after discussion, the reviewers could not agree, a third person (MH) made the final decision.
Levels of evidence
To draw conclusions as to the relationship between overweight and obesity and sick leave, a best-evidence synthesis was applied consisting of four levels of evidence and taking into account the methodological quality and the outcomes of the studies selected (i.e. inconsistent outcomes). The strength of evidence was assessed according to the rating 
Results

Search and selection
A total of 1228 citations from PubMed, Embase, PsycINFO, and SPORTDiscus were screened. Out of these, a total of 13 longitudinal studies met the inclusion criteria. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] One publication 30 described a study that was described partly in two earlier publications. 27, 28 Although the most recent publication slightly differed from the other publications in that it combined the study populations of the two earlier ones and added another oil refinery, it did not provide additional data that were relevant to this review. It was, therefore, decided to exclude the 2008 publication. The characteristics of these studies are presented in Table 2 . The most important reason for exclusion was the fact that study titles or, next, abstracts did not report on a relationship between overweight or obesity and sick leave. Further, many studies were not longitudinal in design. Studies were also excluded because they investigated the relationship between overweight or obesity and disability pension or presenteeism, which was not the outcome of interest in this review.
Methodological quality assessment
The scoring of the 13 longitudinal studies led to a disagreement of 12%. The reviewers could not reach consensus about one study, and thus the third reviewer was consulted. Table 3 shows the outcome of the quality assessment. All studies except for one 27 were of high quality.
Study characteristics
The study population of the prospective studies varied from 255 to 21 419 workers. The follow-up time of the studies varied from 1 to 10 years. All studies used BMI as independent variable, with one study using both BMI and waist circumference. 24 Weight was evaluated by self-report in half of the studies. Generally, the same BMI cut-off points were used to define overweight or obesity, namely 25-29.9 and X30 kg/m 2 , respectively. In one study, however, obesity was defined as a BMI X27.2 kg/m 2 for men and 26.9 kg/m 2 for women, which represented a value of 20% above the ideal body weight as defined by recommendations. 27 All except one study 23 had an objective measure of sick leave.
Sick leave data were mostly collected from company records. Some studies distinguished between short-and long-term sick leave, but differed in the operationalisation. For example, Labriola et al. 23 and Moreau et al. 24 applied a cutoff point of 7 days to distinguish between short-and longterm sick leave, whereas another study applied a cut-off point of 3 days of sick leave. 22 Another study examined the relationship between overweight and obesity with multiple measures of sick leave, including very short (1-2 days), short (3-7 days), medium (8-21 days), and long (X22 days). 21 In total, eight studies investigated the relationship between overweight and/or obesity with long-term sick leave, [19] [20] [21] [22] [23] [24] 28, 29 of which five studies also investigated the relationship with shorter spells of sick leave. [20] [21] [22] [23] [24] The remaining five studies did not distinguish between duration of sick leave; they investigated the relationship between overweight and obesity and total duration of sick leave. 17, 18, [25] [26] [27] Further, two studies investigated the relationship with a specific measure of sick leave, namely absence owing to respiratory complaints and musculoskeletal problems, respectively. 17, 18 All other studies used sickness absence irrespective of the cause.
Overweight
The relationship between overweight and sick leave was investigated in eight high-quality longitudinal studies.
19-25,28 Table 4 presents an overview of the high quality studies showing either positive or no relationship with sick leave. Seven of these examined the relationship with long-term sick leave, with five of them also investigating the relationship with short-term sick leave. [20] [21] [22] [23] [24] The remaining study, that did not distinguish between duration of sick leave, found overweight to be significantly related with sick leave. 25 As regards the relationship between overweight and long-term sick leave, four studies found a significant relationship in that overweight workers were at increased risk of long-term sick leave. [20] [21] [22] [23] [24] Despite a positive trend, the remaining three studies did not observe significance. 19, 23, 28 For example, the study of Christensen et al. 19 among 5366
Danish workers found a hazard ratio of 1.38 (95% CI: 0.97-1.95) for the onset of long-term sickness during the 18-month follow-up period. Owing to inconsistency, there was inconclusive evidence of a significant relationship between overweight and long-term sick leave. This conclusion was also true for the relationship with shorter spells of sick leave, as results between the studies were inconsistent. As mentioned, some studies investigated the relationship with both short-and long-term sick leave. For example, Ferrie et al. 20 showed that overweight was a significant predictor of both short and long spells of sickness absence among 10 308 British civil servants, male, and female. In
Relationship between overweight and sick leave: a review DC van Duijvenbode et al 809 21 showed positive relationships between overweight and both medium-term (8-21 days) and long-term (422 days) sick leave, but not for very short (1-2 days) and short-term (3-7 days) sick leave. In addition, Laaksonen et al. 22 found no relationship between overweight and short spells (1-3 days) among men, whereas overweight male and female employees were at increased risk of sick leave of more than 3 days; ORs were 1.42 and 1.27 for men and women, respectively.
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Obesity
The relationship between obesity and sick leave was investigated in 10 longitudinal studies, [19] [20] [21] [22] [23] [24] [25] [27] [28] [29] of which one was of low quality. 27 The low-quality study observed differences in average absence duration of 3.6 and 1.0 days between obese and non-obese male and female employees of an oil refinery. 27 Eight high-quality studies investigated the relationship with long-term sick leave, [19] [20] [21] [22] [23] [24] 28, 29 of which five also investigated the relationship with shorter spells. [20] [21] [22] [23] [24] A study among civil servants showed that obesity either at age 25 or phase 1 (age 35-55 years) increased long spells (47 days) of sickness absence by about 60% in both men and women, as well as increased short spells of absence in men by 25%. 20 Another study among Swedish women working in the public sector showed that during the 3-year follow-up period, obese women were at increased risk (OR: 1.3, 95% CI: 1.0-1.6) of long-term sick leave (X28 days) after adjustment compared with their non-obese counterparts. 29 In the studies investigating the relationship with long-term sick leave, a consistent pattern was seen in that all except one 19 found a significant relationship between obesity and longterm sick leave. The study without statistical significant results, however, found a positive trend for the relationship Abbreviations: BMI, body mass index; CI, confidence interval; MQS, methodological quality score; NS, not significant; OR, odds ratio; RR, rate ratio. 
Relationship between overweight and sick leave: a review DC van Duijvenbode et al between obesity and the onset of long-term sickness for men and women (OR: 1.31, 95% CI: 0.75-2.92 and OR: 1.54, 95% CI: 0.87-2.75, respectively). 19 In conclusion, using our best-evidence synthesis, we found strong evidence for a positive relationship between obesity and long-term sick leave. As regards the relationship between obesity and short-term sick leave, and there was inconsistency between the studies identified, the conclusion was inconclusive evidence. Despite a positive trend, two of the five could not detect statistical significance between obesity and short-term sick leave. 21, 24 Although Jans et al. 21 showed that obese workers were on average 14 days a year more absent than their normal-weight co-workers, no relationship with the frequency of very short-term and short-term absenteeism was observed. In addition, Moreau et al. 24 examined the relationship of obesity measured by both BMI and waist circumference with different measures of sick leave, that is short spells (p7 days), long spells (47 days), and high incidence (XP75). They found consistent results with obese male and female employees, defined by BMI and waist circumference, being at increased odds for long spells of sickness absence as well as for high sick leave incidence. In contrast, non-significant relationships were found for obesity and sickness absence of 7 days or fewer. 24 Relationship of BMI and sick leave Three prospective studies of high quality examined the relationship with BMI as a continuous variable and a measure of sick leave. Two of these specified the cause of sick leave, that is absence owing to respiratory complaints 17 and musculoskeletal problems, 18 and did not detect a relationship between BMI and sick leave. The third study investigated the relationship between objectively measured body weight and height and sick leave, regardless of the cause. 26 From their regression analysis, they found a positive relationship with relative body weight accounting for 14% of the explained variance in sickness absence over a 33-month period. 26 Given these contradictory results, inconclusive evidence was found for a relationship between BMI and sick leave.
Discussion
The aim of this review was systematically to assess the evidence for a relationship between overweight and obesity and sick leave. As described in Introduction section, investigating this relationship is of relevance for several reasons. As is well known, obesity has an enormous public health and consequently economic impact. Although diverse studies have been conducted in the past few decades, as far as we are aware no systematic review of the available literature taking into account the quality of the studies was performed. Moreover, insight into this relationship is of interest to those bearing (part of) the costs. Despite differences in social security systems between countries worldwide, the employer bears a substantial part of the indirect costs and/or direct costs. Thus, from the employer's perspective, insight into the effect of obesity on sick leave, the latter being an important contributor of the indirect costs, is of relevance, and may help policymakers, such as employers, justify implementation of health promotion programmes. On the basis of the studies identified and our best-evidence synthesis, we concluded 'inconclusive evidence' for overweight to be related to either long-term or short-term sick leave. This conclusion is, however, positively relevant because it was the result of inconsistent findings between the studies in that not all studies observed statistical significant differences in sick leave between overweight workers and normal-weight workers. In all the studies lacking statistical significance, however, a positive trend was discerned in that overweight workers were at increased risk of sick leave compared with their normal-weight counterparts. It can, therefore, be questioned why some studies found statistical significance, whereas others did not. Relationship between overweight and sick leave: a review DC van Duijvenbode et al
Although possible explanations are expected to be found in study characteristics, such as sample size or follow-up period, looking at the studies in detail, we could not detect the cause for the 'inconsistency'. It also seemed that the effect sizes of studies finding statistical significance did not visibly differ from those with lack of statistical significance. In this respect, it may be that when 'clinical' relevance instead of statistical significance is considered, results could tend to the conclusion of a positive relationship between overweight and sick leave. For obesity, there was consistency with obesity being a predictor of sick leave, and long-term sick leave in particular. Thus, we concluded 'strong evidence' for obesity and longterm sick leave.
Our conclusions were not entirely in line with earlier reviews on a similar topic, reporting an association between overweight or obesity and sick leave. 12, 13, 31 Plausible explanations for the different conclusions are thus differences in the purpose of the review, and thereby the method of the review. For example, we included studies with a longitudinal design only, whereas earlier reviews included a lower number of studies, which were predominantly crosssectional in design. 12, 13, 31 The remarkably low number of longitudinal studies included in the earlier reviews could be because the present review was performed a few years later, next to the primary purpose of the review. Namely, they were interested in other outcomes, such as the economic impact of obesity. As this review specifically focused on the relationship between overweight and obesity and sick leave, and because of the extensive search strategy applied, we identified more studies than earlier reviews. The systematic approach in the literature search, as well as in quality assessment and conclusion as to the evidence, are among the strengths of this review. Moreover, we distinguished between overweight and obesity, as well as between short-and longterm duration of sick leave. Separate analysis of short-term and long-term sick leave is meaningful from the hypothesis that obese persons are more chronically ill, and consequently have more health care consumption as well as more absence from work owing to sickness than their non-obese counterparts. Although our review confirmed the hypothesis that obese workers have more sick leave, and especially longer-term sick leave, so far this relationship has not been examined in a review similar to the present one. From a review in 2006 summarising the literature on the relationship between obesity and the four most prevalent disabling conditions totalling over 50% of all disability benefit claims (i.e. arthritis, mental health disorders, learning disabilities, and back ailments), we know that there is indeed a strong association between obesity and each of the four conditions. 32 To date, however, it is still unknown whether the presence of certain disease conditions among obese workers leads to more sick leave. Although our review showed a relationship between obesity and especially longer-term sick leave, the question as to the mechanism between obesity and sick leave remains unanswered. Future research examining the possible mediating role of chronic diseases in the relationship between obesity and sick leave would thus be interesting.
There are also some limitations of the present review. Although diverse strategies were used to find all relevant published studies available, the possibility of selection and publication bias cannot be excluded. On the basis of our extensive search strategy and the identification of multiple studies with both a significant positive and a lack of significant relationship between overweight and/or obesity and sick leave, however, we believe the possibility of these types of bias to be small.
Further, quality assessment was carried out with a standardised set of predefined criteria adapted from existing quality criteria lists. 14, 15 Despite the six domains of potential bias as defined by Hayden et al. 15 being taken into account, there may still be bias owing to our scoring method. Namely, we scored negative in case of an unclear or missing description of the quality criterion item. This method can in fact lead to a lower-quality score than by asking the authors. We decided not to approach authors for a number of reasons, however, inter alia because of the probability that some authors cannot be located. Moreover, as all studies, except one, were already of high quality, asking the authors to check the scorings would not have led to substantially different conclusions. Studies were considered of high quality when the study scored 51% or higher. Although this cut-off point is often used in systematic reviews, it is an arbitrary cut-off point, and results could be sensitive to change in the cut-off point. Sensitivity analysis showed, however, that changing the cut-off point to 40 or 60% would not affect the results. The inconsistent results between the studies identified in this review could be explained by numerous factors, including differences in (number of) study population, the measurement of overweight and obesity, or the measurement of sick leave. As there was heterogeneity between the studies included, we decided not to pool the data and perform a meta-analysis. The difference in measures of sick leave made a comparison between the results and especially a meta-analysis particularly difficult.
In conclusion, although this review found inconclusive evidence for the relationship between overweight and sick leave, a clear trend was discerned in that overweight was a predictor of especially long spells (47 days) of sick leave. As regards obesity, this review concluded with a strong evidence for a relationship with long-term sick leave. From the studies included, obesity seemed to be a significant predictor of long-term sick leave. Therefore, and considering the public and economic impact of obesity, interventions aimed at the prevention of further weight gain or the treatment of overweight and obesity are considered as relevant, both from the individual and the employer perspective. As overweight and obesity are caused by an imbalance between energy expenditure and energy consumption, an intervention aimed at the promotion of physical activity and a healthy Relationship between overweight and sick leave: a review DC van Duijvenbode et al diet is likely to fight against obesity, and subsequently against sick leave in obese workers. To date, there is no such lifestyle intervention specifically targeting overweight and obesity and evaluating its effect on sick leave. Despite this, we believe such an intervention, that is one aimed at the promotion of a healthy energy balance, to be effective in the prevention and treatment of obesity, and thereby to reduce obesity-attributable sick leave.
